SPECIFIC " OjN 



I 



. ,:\o <k:Y/72 22 Filsd $ Sept. 1972 
Ctmvestioa AppScaiioa No. 184588 (32) Ffled 28 Sept. 1971 m 
United States of America ((JS) 
Complete SpsriScstion published 30 Jaly 1975 
INT CXd S01J 23/16 



<") 1401495 



Bid 277 x 291 : • 300 380 •= 391 39Y 421 a2Y 550. 

551 55Y 566 579 678 691 692 693 6957 70S TOY - 




(54) CATALYST AN'.D PROCESS FOR USING SAMS 



INC.,' of 2 p 0 A- 
Y>rb 1001(5, lathed 
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.. N;:v 



aoactda organized and ^ t_i seder the 
- v- < the S it . e T < . Salt: 

tl A-raei ., do herefrj de re ri in ea oa 
for - i may ba 

granted to tss, ?.tid the raaksd by v7- \ 
is to bs pttrfonrsis!., to be particularly des- 
, , s i 

Ebfe h&emxm c t$ ad is 

; ,\ ; 
for the ysspor pb.as.e-. oxidation ox artsraaratrd 
leaver aiipbadc aldehydes to the correspond- 
ing rasMsrated acids* of the same sossber of 
cstboti sEorris, and to 

, . r - lire earaiyrtd . process of this 
jrr'catioK vvi t the ejdda- 

•'ic-rr of sraoism or naeth acrolein to licryhc 
e „i i t t ' 

Ussmantted adds, sadi as acrylic acid and 
t vil<aYi5h< \v " -d^ai by the 

u ;or~phase o:< < >rresjx>ii£Hfp; 

anseitrumed aldehydes hi the presence of an 
oxidatioa eataiysa. & is, id coarse, desired 
that the < ar • hit i'aodve activity 
atai thai: it be rfraiactedaed by high seiev- 
dsity toward tii 5 htet acids and, 

l S> <. ^ a r, 

pesed whdd are based' or differed coni- 
; > don v % orapossn 
nste;y. however; those catalysts whidt tsad 

timive. l i , *> vdddr are if . 1 ex- 
pensive, such ss as«hie r.eetad. Catalysts of 
■ids character are tdssb.sed, for oxatnede, ia 
Nath.-arknd'i published ppKcatioEts N«s, 

This invention provides a catalyst for the 

pfasse oxidation of ttasatictaiad aideliyds , 
widdi catalyfs does; hot rcoadrc die ;ise of 
n Ml r ' ^ is a- id ^ ore jnslve x as it 
In ac«>jxisaca witJs die presses itweadoa 



CG55ipi 



?dc to predate the corres- 
j. i 

i' oxides of raoLpbdermra, 
r ; .a s ed sp«« , st r- 



arsemc 

port, Ehs sypptat \h; 
as ae-^-n c^- 1 fm area t> • 

sqok; 2 square maters per grsm, and the 
ovides befeig prehear in arasxaits srscij as 
pr;>\dd'i dir each tsio; of tnolybdssisrrs pre- 
' - - sad 0.02 

tc> 1,0 rriid c f ; arraidc. 

ES*.we re ! \i ^bea the 

- - ' > iipoQ these three 

eleaiesSs bat, frors tie frssndpoiat of cp?d~ 
;rasx-a bandits and catalyst ededtiverxsss., it k. 
preferred &st a prmrK/e- ^r t - j-o'CvS , t 
corporared n tf d c ^r this par 

pose, 

i$ 1 4 dre 

basitt catalyst system, 

H t cat j t ^ ba t*Xs reci 

b oatirsg rii poaet 
raining jiwiybdejrarm, arsea:;: arai phosyhsrys. 
and wrtir at least r- ^,p n - 

->u a„i^ err- 

and coppes', and rberaafter cidrrPng the 
coattai s«pp«s; -aid compoaeaes being pro- 
" : ' : ^ s : " liquid or solatissa fo-tm 

this oroDarrtioa 1 St «;rrdr;a i 
vora/es caldrratii^a as a cotsckdJag step, ag 
af b rorapaa t EOead i bdieded ro 
be yredomiaaativ hi rba form of oxides, e.e;, 

\ o p : O s , A«,O s; Aid),, r-:.aa : and (Yd, 

ia die 

it o < i me propoj ior o 

seaerai eieraaatai rdadorisidpa. d: dds way, 

tire « i adaa .ai be caar 

! ; ia 
- - 1 e asp: 



vided ii 
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nay actually ei j cosorrjonj 

a taolar quantity of ok\ toeae- as 1.0, the 

1 n r ? is, pWerablv'pcesent is the range 
0.06 to 01? rac-l, and rssost desirable passant 
in the range 0.08 to 0.1 sk>I; and the arsenic 
« preerahly present tag 0.04 to 

0.17 rao^ and ajost desirably present in fee 

at*"- 0,d= ^ r _> 

each & preferably pesseBt"^ aa amonnt 
of at least 0.01 ax.4 per nsol of raolybaarnrin . 

la accordance with the investjeas, the 
above-name caaa - - m - as of >he cata- 
lyse are gspp • - . ...i-ner, ja 
forra of nfector? ineeaahc parades, wi%% 
is eharscaafesd as having external max> 
pores. The tcnr e^ -^ers 
to pores havii^ a diataetet of approxiaiateiy 

1 jaacron to 500 saerens ;sto extending in- 
ward!} from the 

" ' - • ' " illy, these pores wiM ferm at 
least 50% ca c the pore w&iaie In the outer 
shell the parades and wiS extend in- 
wardiy from the sorface for a distance up to 
microB with 10 > 90% ae the 
sxrerk-r surface of the carrier parti i. e 
J3g composed of sach pores. 

a djneter of 

about 10 xmcrocs to about 250 txoaxm and 
the 

ardcis > as 
""he carrier m> i 

2 sqaarc meters per - in 305 to 2 
square motet > bly 0.01 to I 
square. I3e ter per graia, *snd most desirably 
0 to 0.5 sonars metes per ease. The par- 
tide she -:x the carrier is adapted to the par- 
deular form of process in. which the catalyst: 
b%o he used, e.g. in a fixed bed procsss'tn 
whtc-s _ >J is ^ to the farm td 
grannies . moving bed pro- 
cess,. Generally sideable axe pariides havirar 

- --to. dtorceser c<t dv 3/32 i/4 . 

J ' - sailer p rfkle sizes can 

dp be employed. 

The iv-e - , t raixtnre be the 

asn&med weight of oxides of Mo, As, F 
and, when, present Al f Co and Cu, 
" -~ - 

raay be hi the range o£ 5 to 50%, 
^ dooi;?: 10 to shout 30%, and most 
deslrdfiy 15 to 1 based or ; die weU-ht 
be op - s feroac ;st 

sense is not limited to a paaieuiar carriet 
' ' ^ % t .if - 



fj - 1 sap|>Ort 

' he- r 

v3 5 p^v. v , ^ ^ 

- ^- espec 

resrdo, are ofefaiosd by the use of an alumina 
s SN acterisdtts, par- 

ticniarly one corstahdeg 10—20% shea 
:'SiO% and sneh sappers: rrssteriais are 
ferncd. The support may be in i!;e form of 
pellets, h-arpb. jrr - 



tfeer formed pseceSj or its. other fones wMeft 

galar reaa coato r 
^ The sappc<-T ,do by comm- 

t'"ca. t-oo 
e-g. by njixin 1 -c si auriihej or 
other sn-pport atsterial with s such as a 
clsy; : and forrsiag a oaste, s:<;i«ding the paste 
and -xt , vi« B the" ;x - ... shaae to the 

' " C - > e a oat ; .r : 

sswdosc, eg. is a size corresponding to the 
desired pore ajse, into the outer sbdi of the 
carrier^ and then- caloddast, e.g. at 1200 to 

hid" It ^NvOv.r, ijjr 

hoovsT; tochrhqns caa x era le.yai 
>yide a sappjoc having: the specthed 



:aa fee pre- 

with eshich 
" ddsdved 

SLippcsn or 



'Ihe catalysr of the inve 
pared hi a ntirdber of wuj 
ventsona! techniqoe in acrto: 
the eariyst-fonrang eo'sssp-or 
■ ep 1 '!^ x& 



. To i 



; the i 



be introdiieecl into soiadoa 
in the form of various salts or other com- 
pounds of conveaieBS tj>p«s and is© spedSc 
form for the catalyst precursors, is necessary. 

..a is e:n- 

-- 

osiee, aoaeosdern \ \>n e ■- , n 

die acid/ and tha like. 
However, vodybt i t vaien state 

can also be used. Arsenic is sidrabiv empicved 
as the 4-3 oxide i it the res ^ as i 
as sixsnjoahi-fi owho arsesisee 'and secse-ac 
pem-osdde are also stthahk. Phospboms Is 
preferably employed in the + 6 state, e.g. 



phospiaomols' . - i,! ;i- s 505 

»" " " i L" U 

w to a forta which is dqtod ;n s ;;e Sf 5 
or erhtda s sei d t ^ ^ , , yr ft , 
ao add, so that all of toe coniponersts can 
be depositee La i un snort 1 10 

i — - x-j nsidtc, " esa:;sple; => 
be tossoived to tikrie acid, amnsoniuin reofyb- 
date srau be di - - nt ! orchoph'os- 

phoric acid is solnh 



.. to ^roo - fj j I a 

tiea ;s -u- " ^ sa ' sals, e.g. 'the sihrsres 
^aXsaaisiisrij, tapper and cobalt, which ■ 
to 3 coaling soj 

^ H ^ the j 120 

tdtoar foimuktion can he ashed tosether 
a ingle s? iedoj ' r t . n 

meisesl, - e - , r tl for best resolts the 
J . ^ comnoead ;usd the ar:«de „ 

}x;nnd suitably in add selctic:p are applied 12:1 

ts theretussn dried, and ihen the phospboms 
c njp« " f p > j 

anrcaatoa seititioi;, s^e applied lo toe costed 
carrier- dr Use cr*a>« j a r "to 231; 
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arc, £r&.«wbg dse oa^t^ O? twcK>tep coat- 
ing t5ce Ci rteb ; Lvaied I cal- 
ej&iag them is a Mia or oven, or in. a ssfee 
drroogh vhich air is oassed. at an elevated 
5 tssr^sratijie (e.g. 450"C } preferably 
C for ; ka uo ho 

1^ - .vv _ j 

teosperbtores tend to deactivate the a-aody>it. 
li} BpedaSy good ressOtr. arc oteri whea 

5 >- iTt 

weaoaaxm gab, by dissolving pbosofecrk 
x. i si been 

fouxid dbat a certain." residual aaiaaxmi vafee 

I5 > ret ' > j & cats! 

at;b. prtdoitged ease, which appears to have 
'i o ~d ' - ^ - l. > a ~\- 

f&er hand, it is preferred to introduce ras 
liolybdeiaot comporsoot ii a nirric acid solu- 

20 - ^ s -X n - r 

_n vh , procedms is 
« > " % dt. - v -~ 3oe ct 
re "ul re * \ at« i rod 

ore n d ,» case, e 

ovo step pojeedare diseossed above, ivdiereia 
lite s, % it ar.i the arsexKC 

~ i < t> - d r tier 
fed ', d j e phc.-sphon* < '--or -it, sur- 
~ " - £ i v - - a 
-d standpoint ad activity and selectivity, 

Whati das cat-aiysr of this inveodoo is iKad 
ir- t r N o-ddadoa oi aldehydes 

i v re -~^>h nrefaaUsrased acids, 

the id i „ *a i . 

3? KeieralLv sssaciaaed with this- reaciioa. Thus, 
the reacdea ia which die rarest;, a: bus 
'^Oo- - 1 t " i dd , 
w i <* tt e; he rsions nd 

their 

- dv % con- 

T ^ n I , ! - vapor 

phase in. generally low ct&cestmtaa with, 
the catalyst a a ^ Once reacrfou is 
b-;.il i „ ' " c, ■ i\ . a i>t r \ 

d5 ft 

found lo k u« t 
exdsa-iager type- reactors are - at satisfac- 
tory, and the y ran be carried out in 
com u d 
50 fox reaerioos or this type. 

The- gaseous *-~d "10 the • - . ~r -aa 
i L w cosKa.a , - ; ! eb v * 

and coiygeii. - a:- -aiarr gas, ascb 

x rrog r. - >ayg i > 

v > ir £ r or aa air ea~ 

tichod wida oxygon. A;; jaentioned, aonveo- 
v , »a 

but, for bear results, bie sMcbyde is g-aierally 
v i to 20 

GO - ^ i ^~ 

f«' -d " ;-r- poic^. 

acd aa espedsSy paired raa^ of 5 to 10 
ad o percroat, aaad -ia- < > , »^ t raagea 
for oxygen are 2 to 20.5 voiome percent," 5 

55 to 17 voltaae rjepccsr a;id 8 to 14 volttnse per- 



K tt gas <>r ^o 1 ;. 
Use temp -a, l- c-l m re cd' >o bit 
cerSie of d30 reaesor baa::,';, fear best , „ t 
be within -the raoap; of feont ai:or;!; 27d r» 
400°C, preferably 2S0— 375 rj C aa^d the cpti- 70 

rmxzt i 305 to my>c 

Bscsiss* tht; tescssoa is exotheroaic, ateatia; for 
coiidoctrag tdfc heaE wrxy fro-a the reactor 
sre corraaiiya ert-tdc^ed. Tbe e v- a raw 
ae; ccaxrrolied bay coaveafeaa] roetbed^ steh. 75 
bi j 

Sids fc^is, 

4 '-T5ms Sow rate of die gaseous streaor 
5d sit a 

rather wide Mroias, bt;a a - 5 \ sofmiaio SO 
space vefcaafcy (mr-} is shixs;: HKi to 5dfb) 
aad tsore preu-rd - - / tu * ^ o ^ 
oswdslly aboc, 

_Th„pr-^a. c t n.erali,j 

: a - - asd titer rescdoa may be coadceted 85 
at artnaostdieric. soperatrotradiOtic or sab- 
annospri.nc poa - ,a'd>, bower, 
pressure oi ^— id abi^ 10— TOO 

id most 1 S--75 ;>sia are 

employed. 90 

The oataty -c and t - ( , ae pre- 

s«j£ irrrcori,-", d prodoctiori 

of tmsatttKitec i >v oxidTfaoa 

* mtJiecoSar oxyger* of mssaassted lower 
dp a- i - t 1 95 

- ^ e, icsliy 

'-•i n io- id des of frojrs 

.3 Jxj 6 catfhor <■■ a t, i -ottra- 

slddiyide, methscKMx!, 2 - asetkyl - 2 - 
btiteo-d, 2 •■ methyl - 2 - penteial, and the 100 
like. Best - ; s mth 

acrolein j- ' -.^css of aide- 

kydes nsay be used. If desired, tho reactor 
4 e rea oi for 
increased yields. * 105 

The trasrattrated add prodact a.ay be re- 
cover d by a rs 1 kno^ti - 

those skilled \ - es.au -ipie tb aad 

t be c-endetiKd, or s i_ ■> ^ w;a:er, 
or etfeer svdtabie i v - 1 i,db>aaed by sepa- 110 
radoH of the i.aasa&iaraad acid a-rodioat. " 

The unsai . - s of this 

arabi a - - , • v - 

ere for poivsuer 
itjrraadoti or in. the fea-naadon ct eaters "sued 115 
tb I roechar y ats 

The ! • • ■ - . vrl: he more 

readily apparcist: rroxa die ft>iio™iost spsscifc 
esanjples of rjt'ral aopl-taoyt- ; t „ ^ be 
ii3i s e-stu.xt ,^ _ t 120 

ir 

not to he iaterpo-;..; ; 'a d : ai!t the iavea- 



oi m 

g. d,s,A5 h; heaiiog to I0Q P ia (y ;Soh:- 
tioE A), and 5? g. anna id ia be xamM 
dare is dsssoJved in 250 usi distilled wter 
>a B is at dec to 132 g. 



cf sphere;: of as oluta&a card 
p it >ta:y d yer. Tie „ 
3/.16" oarride size and is com cosed of abest 
87 wt.% ALO s and 12 wt.% SiO-, (the 
5 balance bdiig tadacdias-aasais iojpunttes), add; 
d suifac - 

gram, sad is dsaraseiiml by meraal reacro 
' pores as defaced above about 30% of its 
exterior surface coasoossd o? sad? external 
10 c-s in the 

rangt- of 10 to J 

rion £ effec 
for 5—10 mia« lea , .apUed nutO the 
Bsraperatars- of the miscmre ' readses 50°C 
i5 sad Sotetioa A, \shi3e stifi at about ICKPC, 

' a \ M e ' _ it id - i _ 

^oararucv to I the aaalyst 

tsniperature reaches 260"C. 
A Solra.v„ aned ^ 

20 " o . - r 

-0 a.^ t wtfaa. C is 

feea added to the dry catalyst pnxfocr des> 



previously cribed in the prece 



: b ' a die 



pasted catalyst is ides 3iv i ia a ^ f 5 
- If- fan 1 

Aid 

27.9 s. < i hied are 3£> 

present ir ta « AS * ,J 12/ i 1 

A qaantkj 11 his carat} t is 

daced in a I/d\-:d>" .-irdv; steei pipe 
, eSsing _ d nax- 

;ure containing 5.9 voL% methacjoleitj, 35 
13 vol osj e bah T troges 

s ,u,v\ er i ji a^c" _e 

space velocity of about 520 hr 1 and atfs 
tempera-ace of about ?M°G. After 35 soaoa; 
of reaction, aadysis of the reaction dlfoeat 40 

1 ^ - that the catalyst dfecfc a conversion 
cl about 34% vrita a selectivity of about 
91 i ' . Ia the 6 ire ■ fig. 



h - k ravers 

% Conversion^ — - _ x 100 

Mais AMe&yde in Feed 

Mols Acid Produced 



M.ols Aldehyde Converted 



EXAMPUE H 
(Comparative 
la a comp . - a a catalyst is 

prepared as described la Example I, except 
50. that -de sap-port is an. afcsrrana (84.7% 
iu.0 H.4 / - »' 

^ - - i -, 

extcsdiog to de canter of das oarticks* and 
a stuface ax i d dvut 0.03 ra 2 /g. This 
fd v '<V d'-' 1 vc i pd'ccd in the reaaor des- 

iiti - v \,i r -c. 

containing 8.9 y^L*^ meihacroJein. 13 v©L% 

- , ^d .i /i, 

o^r the catalyst an sir svertige spaes vdo- 
60 city of abots- "-pT hr ar i at. a t caw r 

■ff ad-\ r ' " r dS dcaaa, 

andyds oi ahc rcacdon dfiae.st abowa, that 

with s sekctidty of only S6>d 

65 



- - * d - t ! 

HaiKr parrkk size as»d baa a $uifaes area 

vf f ad g. Hi ^ - 
..." " 
75 and a fesd mia id t \> 

vol. 0 , " x en - >^ ^ 

the balance aitrogen, ia passed over die cata- 



lyst at average space velocity of about 490 
hr , api - „ —-sad! O 

. - - x v v go 

Aaidysis id the raaLctdt; cdibae-it shows that 
die catalysi c h • ! about 40 

y?tik a sefeaivfey of about 80%. 

BXAMBLB IV 
dlae catalvrf: preparation osaaaedi^e > Es- S5 
arop-la i ia rcpe^ed except that 3.64 at of 
OdNOd - bddO a, raised adah S-aharion C be - 
fore orating at die carrier particles. The 
fhdahvd aatahas!: coaaprasea 7S.:i v sup- 
port and 21.S »-,' -r -nct:N 90 
wihed lire; preaeat io the rr«ai rsde-s Mo /As/ 
P/0>- I2/i placed in 
the reactor described d Exaoapfc d and a 

- i ' > Ha. 95 

r-itrogca;, is passed over the catalyse at an 
average apace <. 1 v of about 500 , 
and at a teoapersrarc of ahova 32h°(h for 44 
ho:Joa. Aadyass of ada raatdon -a-fha^at dsowa; 

100 

357, wit] 1 doour 90 

EXAMPLE V 
i 1 ra a ^< 

- of 

105 

is mixed ■■ '1 " '< ! iatdap of 
the carrier particles. The aaisfced catalyst , 
soraprises 76.7 -?t.% soppoit aisd 23.3 wt.% 



i } 401 5 #5 



pportsd ccsa are ..ra^eat 

» tk m rfe v v, ? AJ 2 1 
I/O, L This catalyst is placed in tic 

a„>r described a Es-artipte I ard a 
feed mxtnre costasnmg * about 5.3 
vol.% EsaiiacToH'j, 13% oxygen, and fee 
an tgea j the catalyst 

vera - i t 5 ha 1 

and at a - - t 3 C. for 53 

hours. Analysis of the reaches;, efAaeot shows 
'k' Ite „:< t * i of an-I 

52% vAth s sekrAAty of about 87%. 



WHAT WE CLAIM IS:-— 

!. A ca ipi tal , tj 

> t I,, ^> - C 

hyds to pre 1 siding sinsata- 

sated sckl 3ald cisalyst eotr^osidoa com- 
prfssag oxide - sie 5, ic-ernc ,,od 

phoapfetoas disposed upon a srspnort, the snp- 

^ * , • > > / - „ - 
dtWd aid a r -test 2 -quart, 

n ss ies being pre- 

sent in 33i;--s !■' , - »rfd« for each 

aKi! o 1 no 0 04 to 0.5 

raol o£ p&osphorus sod 0,02 to L0 snal of 
arseaic * 

2, A e«! t ' , u med it 

claim A farther indndiag 



? 30"/. 



-?ighl: :: 



10. A catsh > tiou as dah 

ecs 1 a 1 the i»a- 

hiaed weight of die said oxides and any 
proiaotcr oxides present from iS to 25 A 

1L A ctair-c tW-pcsMoa conrod Ac 
a d phos- 
phors s on s s: i y - hereh; 
before ^ - ~ „ re ereace o 
Example I, Ah, W and V. 

.2 A v v ^ - An , u h- 

' «- - - £ t Ye i as 

an erabodira-" joskion daisied 

ia dgjjB L 

13. A method of pn 
pcAdon as daitned AA any "one of Adrr:s 1 
tc* 11 wbict die support 

vdu t 

arsenic a.^ A vwtfi «iA 

as: least ens eorriporiejrt containing; at least 
one <sf skttainiana, cobalt and copper* and 
- f . (. -an As coated SuoAbtt; said 
coiapotHints c A os oi 1 



Areas 



ddea A d 



-Ad 



As 1 a 



■i support 



" '- - - ' ' ..rid ia any- 
one d dainss I to 3 in. odakh said ssacto 
\- - * ' ars-ou 
asid represeiit 20 to 60% of the carrier par- 
tick ossetior sarfecs, 

> \ ^ tf l c atred t > B5- 

a^ ^ n s ir l „-a 
>f iae earner is 
per grasa, 

• : " ' , A A 2 iiX> 

si of ~ a ii A h «- J o: 

are® o! the carrier it ftxvna 0.02 to 0.5 
■cur per gram. 
7. h aataivt-t'coroposidoo as Aasaied ia any 
d: C __<. -o 



read i 



.; A'A to 20'A 
of fa* i\_ cs silica. 

8. A tstdyst t,.-. I ) as ci;tka«i A 
T N if 

bitted magiir of the said oAdas and any 
prcanoK _ a. is from 5 •<> 50% 
A dae weight A the Ktpporr. 



i to the support 
in a feist stq>, the coaiatsg .is dried, the 

p&ospliorus >ceat > applied 

^ ..jibaS* and/or 

copper-contaittbg corc;;onenr io. a *xond 55 

15. A icethod as didtnod ha chaira 13 or 
dasa 14 in which the ttssjperattHe of the ca!- 
eanhig atq> does not \a , 450 i:, C, 

16, A nd ttaed in arsy >ae of 100 
Ais 3s i v A wAah die jo 1 i w 

corapoaear is added a 
17, 

claims 13 to 16 in which th« 
coiaponeat is added as a aoiodot- In mtxk. 105 
scad, 

IS A tn 1 c dm. 13 sih 

gtandaliy at: iseotidoefote described, 

-■ Anv lit'iisJ st a 
mefiiod v v. - drmeat 110 

-tba.A daitrj.ed h sartrt i 
20. A ca ohtaiaed by 

th« process of * 13 to 1° 



21. A : 



' tne pro 



Art 1 to 

22., A process as claimed hx cMm 21, 



